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(54) SUBSTRATE-POLISHING APPARATUS AND POLISHING FINAL POINT DETECTION METHOD 

(57) Abstract: 

PROBLEM TO BE SOLVED: To more simply form an optical path for 
measurement of a film thickness in a substrate-polishing 
apparatus in which a film thickness measurement in an in- 
process is realized optically. 

SOLUTION: This polishing apparatus is adapted, such that the 
surface of a substrate 4 is polished with the polishing action 
of an abrasive, pushing a pad surface of a polishing plate 2 
against a substrate 4 held with a substrate- holding table 5. 
In this case, there are provided a cleaning nozzle 9 disposed 
facing the surface of the substrate 4 to be processed during 
the polishing for removing hindrance matter to measurement, 
containing the abrasive from the surface to be processed, 
flexible light transmission pipes 10a, lOb disposed with the 
one ends opposite a cleaned area of the surface to be 
processed by the cleaning nozzle 9, and film thickness 
measurement means (11, 12) for optically measuring the film 
thickness on the substrate 4 through the light transmission 
pipes 10a, 10b. 
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* NOTICES * , ^ ' 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2. **** shows the word which can not be translated. 

3. In the drawings, any words are not translated. 



CLA I MS 



[Claim(s)] 

[Claim 1] Substrate polish equipment which carries out polish processing of the front face of 
the aforementioned substrate by scouring of an abrasive material, forcing the pad side of a 
polish plate on the substrate held on the substrate maintenance base characterized by providing 
the following. A washing means to remove the measurement prevention object which is arranged in 
the processed field of the aforementioned substrate under polish processing possible 
[ opposite ], and contains the aforementioned abrasive material from the processed field. The 
flexible optical flow pipe which make an end counter the washing field of the aforementioned 
processed field by the aforementioned washing means, and it comes to arrange. A thickness- 
measurement means to measure the thickness on the aforementioned substrate optically through 
the aforementioned optical flow pipe. 

[Claim 2] Forcing the pad side of a polish plate on the substrate held on the substrate 
maintenance base Irradiating light in grinding the aforementioned substrate by scouring of an 
abrasive material in the processed field of the aforementioned substrate It is the polish 
terminal point method of detection which detects the reflected light from the processed field, 
and detects a polish terminal point based on the detection result. When grinding the 
transparency film formed on the aforementioned substrate, by detecting the point of inflection 
of a reflection factor curve based on the principle of multiplex interference reflection It is 
the polish terminal point method of detection characterized by detecting a polish terminal 
point by presuming ****** of the aforementioned transparency film by time management until it 
computes ****** of the aforementioned transparency film in the detection time and next detects 
the point of inflection of the aforementioned reflection factor curve. 

[Claim 3] In the polish terminal point method of detection according to claim 2, when the point 
of inflection of the aforementioned reflection factor curve is detected It asks for the last 
polish rate based on ****** of the aforementioned transparency film which it is at the 
detection time and was computed, and ****** of the aforementioned transparency film at the 
detection time of the point of inflection of the aforementioned reflection factor curve 
detected just before it. The polish terminal point method of detection characterized by 
detecting a polish terminal point by presuming ****** of the aforementioned transparency film 
until it next detects the point of inflection of the aforementioned reflection factor curve by 
time management using a polish rate just before [ this ] asking. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] In case this invention grinds transparency 
films, such as a layer insulation film especially formed on the semiconductor substrate, with 
high precision about the substrate polish equipment and the polish terminal point method of 
detection which grind forcing the pad side on a polish plate on the substrate held on the 
polish maintenance base, it is used, and it is suitable. 
[0002] 

[Description of the Prior Art] semiconductor process technology rushed into the quarter micron 
time from the sub half micron, and has twisted the flattening technology in a VLSI process as 
[ take / as one of the independent component engineerings ] like other detai led-ized processing 
technology As for the reason, flattening technology is very important for the densif ication and 
deta i I ed-i z i ng of a semiconductor device, and it is because it considers as the technical 
conclusive factor for the scale down of a device. The importance is increasing as device 
structure forms 3 dimension and electrode wiring multi layer-structure-izes especially. By the 
way, in recent years, the CMP (chemical mechanical polishing) method attracts attention as 
global flattening technology of the layer insulation film in a semiconductor process. The 
substrate polish equipment used for this CMP method grinds a substrate front face globally by 
chemical scouring and mechanical scouring of an abrasive material (slurry) which were supplied 
during processing, carrying out the pressure welding of the substrate (processed substrate) and 
polish pad of a polish plate of each other with which the substrate maintenance base was 
equipped. 

[0003] However, this kind of substrate polish equipment [ each ] is a thing on the extension 
wire of existing polishing equipment, and the present condition is having not fully satisfied 
the demand of the process tolerance to develop. Especially about the variation of the inside of 
a lot, or lot-to- lot thickness, although management by setup of floor to floor time is 
performed, it cannot respond to various factors changed each time, such as the change factor of 
the amount of polishes around unit time (polish rate), for example, the blinding of a polish 
pad, a polish processing pressure, the amount of supply of an abrasive material, and 
temperature environment of the substrate circumference. Moreover, although measuring by the 
measuring devices (el I ipsometer etc.) of exclusive use of the thickness after processing, 
feeding this back to substrate polish equipment, and controlling thickness is also performed, 
since the measurement data of the thickness obtained from the substrate [ finishing / polish ] 
cannot respond to the above-mentioned change factor, either, the variation in the inside of a 
lot or lot-to- lot thickness will arise too. 

[0004] Then, in the former, the detecting method using torque change of a motor which drives a 
polish plate, and the detecting method by the detection head which combined a fluid micrometer 
and the optical pickup are proposed as a terminal point detecting method in an in process 
(under polish processing) also besides detecting a polish terminal point by time management. 
Among these, the former is what used change of the polish resistance by the quality of the 
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material of a processed field changing at the time of a polish terminal point, and detects a 
polish terminal point by acting as the monitor of the change of the polish resistance from 
motor torque. On the other hand, the latter detects a polish terminal point by an optical 
pickup detecting optically the position of a reflector used as the datum level of a thickness 
measurement, and detecting the residual membrane of an insulator layer from those differences 
while detecting the distance to the processed field of an insulator layer with a fluid 
micrometer. 
[0005] 

[Problem(s) to be Solved by the Invention] However, in the case of the former, in the case 
where quality-of-the-mater iai change takes place at a polish terminal point, although it is 
effective (for example, when the silicon of a ground is exposed in the process which grinds the 
oxide film etc.) A top inadequate in precision, since change of motor torque does not appear 
notably at a polish terminal point, detection of a polish terminal point will become impossible 
in the case where he wants to carry out flattening of the irregularity of the front face of the 
same film to high degree of accuracy (about **100nm or less), substantially. Moreover, also by 
the case of the latter, during polish processing, since an abrasive material intervenes between 
a substrate and a detection head or foreign matters, such as polish waste and dust, intervene, 
position detection of the reflector (metrics side) by the optical pickup becomes very 
difficult. Therefore, terminal point detection could be performed only into the rinse at the 
time of a processing end or processing discontinuation, and it was not able to be said that the 
thickness measurement in a perfect in process was realized. 

[0006] Then, these people have proposed new substrate polish equipment on the Japanese-Patent- 
Application-No. No. 182001 [ eight to ] specifications that the highly precise thickness 
measurement in an in process should be realized. Arranging the head for thickness measurements 
with this substrate polish equipment, so that the processed field of the substrate under polish 
processing may be countered, giving a substrate washing function to this head for thickness 
measurements, and removing a measurement prevention object (an abrasive material being 
included) from a processed field, by measuring the thickness on a substrate optically through 
the optical path formed in the head for thickness measurements, the polish terminal point is 
made exact as detection is possible. 

[0007] However, with the substrate polish equipment of point **, it includes in the head for 
thickness measurements mentioned above free [ rotation of the Flushing head ]. Since it had 
become the composition of securing the optical path for thickness measurements simultaneously 
with washing of a substrate by preparing the boss for optical-path formation and supplying the 
pure water for substrate washing through this boss on the medial axis of this Flushing head The 
maker style for optica I -path formation and optical adjustment became complicated and large- 
scale. Moreover, since the optical system for thickness measurements needed to be incorporated 
near the head for thickness measurements, when it was not the place which can secure sufficient 
installation space, it was difficult to incorporate a thickness-measurement system. 
[0008] 

[Means for Solving the Problem] In the substrate polish equipment which carries out polish 
processing of the front face of a substrate by scouring of an abrasive material, forcing the 
pad side of a polish plate on the substrate which it was made in order that this invention 
might solve the above-mentioned technical problem, and was held on the substrate maintenance 
base A washing means to remove the measurement prevention object which is arranged in the 
processed field of the substrate under polish processing possible [ opposite ]. and contains an 
abrasive material from the processed field. It has composition equipped with the flexible 
optical flow pipe which make an end counter the washing field of the processed field by this 
washing means, and it comes to arrange, and a thickness-measurement means to measure the 
thickness on a substrate optically through this optical flow pipe. 

[0009] In the substrate polish equipment which consists of the above-mentioned composition, it 
becomes possible to secure the optical path for thickness measurements easily only by making 
the end of an optical flow pipe face the washing field of the processed field by the washing 
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means, .and arranging, and since the optical flow pipe moreover has flexibility, it becomes 
possible to bend the optical path for thickness measurements free, and to form it. 
[0010] 

[Embodiments of the Invention] Hereafter, it explains in detail, referring to a drawing about 
the form of operation of this invention. Drawing 1 is drawing explaining 1 operation form of 
the substrate polish equipment concerning this invention, and it is the schematic diagram in 
which (a) shows the side schematic diagram, and (b) shows the important section composition 
among drawing. 

[0011] First, in drawing J (a), the disc- I ike polish plate 2 is attached in the soffit section 
of a main shaft 1. and the undersurface of the polish plate 2 is equipped with the polish pad 3 
which consists of firing polyurethane etc. The main shaft 1 is supported possible [ rise and 
fall ] by the elevator style which is not illustrated. Moreover, the drive motor which is not 
illustrated is arranged above a main shaft 1. and it has composition in which the polish plate 
2 carries out a rotation drive in response to the driving force of this drive motor. 
[0012] On the other hand, adsorption maintenance of the substrates 4, such as a semiconductor 
wafer used as a workpiece. is carried out by for example, vacuum length on the upper surface of 
the substrate maintenance base 5 which makes a plane view round shape. This substrate 
maintenance base 5 is carried in the slide table which is not illustrated, and is movable to 
the longitudinal direction in drawing with the slide table. Moreover, the above-mentioned main 
shaft 1 is approached above the substrate maintenance base 5, the nozzle 6 for abrasive 
material supply is arranged, and an abrasive material is supplied to substrate 4 front face on 
the substrate maintenance base 5 (processed field) from this nozzle 6. 

[0013] Furthermore, the centrum material 8 is attached in the main shaft 1 through the support 
arm 7. As shown in draw ing 1 (b) , the washing nozzle 9 as a washing means is included in this 
centrum material 8. The washing nozzle 9 approaches during polish processing in the washed 
field of a substrate 4, is not arranged at an opposite state, turns to the processed field of a 
substrate 4 penetrant removers, such as pure water supplied from the water supply system which 
is not illustrated, and blows off. and the duty which removes the measurement prevention object 
which contains an abrasive material from a processed field by this is achieved. 
[0014] Moreover, the flexible optical flow pipes 10a and 10b which consist of two optical 
fibers are built into the interior of the centrum material 8 with the above-mentioned washing 
nozzle 9. The end side of each optical flow pipes 10a and 10b is inserted in the interior of 
the washing nozzle 9. And it is arranged so that the end of each optical flow pipes 10a and 10b 
may counter the washing field of the processed field of the substrate 4 by the washing nozzle 
9. 

[0015] on the other hand — the other end side of the optical flow pipes 10a and 10b — two 
forks — it is divided into the **, the light emitting device 11 which consists of a Light 
Emitting Diode (Light Emitting Diode) is connected to the other end of one optical flow pipe 
10a, and the photo detector 12 which consists of a photodiode is connected to the other end of 
another optical flow pipe 10b Furthermore, the power supply 13 for driving this is connected to 
a light emitting device 11, and the amplifier 14 for making the output signal amplify is 
connected to the photo detector 12. These light emitting devices 11 and photo detectors 12 
serve as a thickness-measurement means to measure the thickness on a substrate 4 optically 
through the optical flow pipes 10a and 10b. 

[0016] Then, the procedure in the case of grinding a substrate 4 using the substrate polish 
equipment which consists of the above-mentioned composition is explained. First, after setting 
a substrate 4 to the upper surface of the substrate maintenance base 5 in polish processing, 
the polish plate 2 and the substrate maintenance base 5 are rotated in this direction, 
respectively. Next, the horizontal displacement of the substrate maintenance base 5 is carried 
out with the slide table which is not illustrated, and the substrate maintenance base 5 is 
arranged under the polish plate 2 by this. The polish plate 2 is dropped with a main shaft 1, 
supplying an abrasive material from a nozzle 6 in this state, since it will be in the state 
where the polish pad 3 with which the polish plate 2 was equipped, and the substrate 4 set to 
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the substrate maintenance base 5 countered at this time. 

[0017] Thereby, after the polish plate 2 and the substrate maintenance base 5 have rotated in 
this direction mutually, the polish pad 3 is pushed against the processed field of a substrate 
4 by the predetermined pressure. At this time, while the substrate maintenance base 5 rotates, 
both-way movement is carried out at the longitudinal direction in drawing. An abrasive material 
is involved in among both (pressure-welding interface) by being displaced relatively, diffusing 
the abrasive material supplied from the nozzle 6 on the processed field of a substrate 4, and a 
substrate 4 carrying out a pressure welding to the polish pad 3 further by rotation of the 
substrate maintenance base 5, by this. Consequently, in order for the polish pad 3 and a 
substrate 4 to rub through an abrasive material, the processed field of a substrate 4 is ground 
by chemical scouring and mechanical scouring of an abrasive material. 

[0018] The point (exhaust nozzle of a penetrant remover) of the washing nozzle 9 approaches the 
processed field of a substrate 4 with downward operation of a main shaft 1 which carried out 
point ** during this polish processing, opposite arrangement is carried out and a penetrant 
remover is injected from the washing nozzle 9 in this state. In the local field (washing field) 
of the washing nozzle 9 and the substrate 4 which counters, the measurement prevention objects 
15, such as polish waste generated in the abrasive material supplied from the nozzle 6 or 
polish processing and a foreign matter further mixed during polish, are removed with injection 
of this penetrant remover. Thereby, the washing nozzle 9 and the local field of the substrate 4 
which counters come to be held during polish processing at the pure state where the measurement 
prevention object 5 does not intervene. 

[0019] In this way, to the local field of the substrate 4 held at the pure state, the light by 
which outgoing radiation was carried out is irradiated by the drive of the light emitting 
device 11 accompanying the electric power supply from a power supply 13 through one optical 
flow pipe 10a in the processed field of a substrate 4 from the light emitting device 11. The 
reflected light (return light) reflected the processed field is received by the photo detector 
12 through optical flow pipe 10b of another side in that case. At this time, from a photo 
detector 12, the electrical signal according to the strength of the reflected light is 
outputted, and the output signal is further outputted to the device control system which it is 
amplified by level predetermined with amplifier 14, and is not illustrated. When the thickness 
information on predetermined film 4b on silicon-substrate 4a which becomes the base of a 
substrate 4, for example is acquired by the device control system and the acquired thickness 
information reaches regular thickness based on this output signal, it is judged as a polish 
terminal point, and the control signal of the purport which ends polish processing is 
outputted. 

[0020] If it does so, after the polish plate 2 will go up with a main shaft 1, rotation of the 
polish plate 2 and the substrate maintenance base 5 stops. Moreover, supply of the abrasive 
material from a nozzle 6 and injection of the penetrant remover from the washing nozzle 9 are 
also stopped. Since this will be in the state where the polish pad 3 estranged from the 
processed field of a substrate 4, the substrate maintenance base 5 returns to an initial valve 
position with the slide table which is not illustrated in this state, and a series of polish 
processings per substrate are ended at this time. Incidentally, in the state of the 
semiconductor wafer before polish processing, the thickness distribution has the variation 
which is usually about several % rather than is uniform. Therefore, since it becomes that to 
which the output signal from a photo detector 12 was also changed about several% when measuring 
the thickness on the rotating wafer, it is necessary to perform signal processing, such as 
equa I i zat ion, i n fact. 

[0021] Thus, in the substrate polish equipment of this operation form, the end of the optical 
flow pipes 10a and 10b is made to face the washing field of the processed field by the washing 
nozzle 9, it only arranges, and the optical path for thickness measurements can be secured 
easily, and since the optical flow pipes 10a and 10b moreover have flexibility, the optical 
path for thickness measurements can be bent free, and can be formed. While the complicated 
maker style for optica I -path formation, troublesome optical -ax is adjustment, etc. become 
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unnecessary by this, it becomes possible to secure the optical path for thickness measurements 
easily by incorporating the optical flow pipes 10a and 10b also to which part of substrate 
polish equipment. Moreover, within the pipe of the optical flow pipes 10a and 10b, since light 
is guided in the state where it was completely intercepted with the exterior, a thickness- 
measurement system (optical system) strong enough can be built also to noises, such as 
disturbance light. Furthermore, since the optical element for a thickness measurement (a light 
emitting device 11, photo-detector 12 grade) and the attaching position of the appurtenance (a 
power supply 13, amplifier 14 grade) can be arbitrarily set up by bending suitably the optical 
flow pipes 10a and 10b, and attaching them, restrictions of an installation space are eased 
sharply. This becomes possible to various kinds of substrate polish equipments (CMP equipment) 
to carry a thickness-measurement system in a desired position easily. 

[0022] D rawing 2 is drawing showing the example of loading of the thickness-measurement system 
to substrate polish equipment. First, in the example of loading of drawing 2 (a), the centrum 
material 8 is supported by the fixed base 16 of substrate polish equipment through the support 
arm 17, and where a nozzle point is projected from the soffit of this centrum material 8, the 
washing nozzle 9 is attached. Moreover, insertion arrangement of the end side of the optical 
flow pipes 10a and 10b is carried out like previous drawing 1 (b) at the washing nozzle 9. And 
opposite arrangement of the point of the washing nozzle 9 is carried out in the form close to 
the substrate 4 held during polish processing at the substrate maintenance base 5, and it has 
the composition that the thickness on a substrate 4 is measured by the optical measurement 
which minded the optical flow pipes 10a and 10b like the above. 

[0023] On the other hand, in the example of loading of drawing 2 (b), the centrum material 8 is 
supported through the support arm 20 by the slide table 19 which comes to carry the substrate 
maintenance base 5, and it has the composition that the washing nozzle 9 and the optical flow 
pipes 10a and 10b were built into this centrum material 8 like previous dr awi ng 1 (b). 
[0024] As opposed to the substrate polish equipment of the type which, on the other hand, 
presses the substrate 4 which carried out adsorption maintenance at the undersurface side of 
the substrate maintenance base 5 against the polish pad 3 on the polish plate 2 which has the 
diameter of the double-precision strength of the substrate diameter from the upper part in the 
example of loading of drawing 2 (c) The washing nozzle 9 is laid under the polish plate 2, and 
when the polish plate 2 and the substrate maintenance base 3 rotate at the time of polish 
processing, the point of the washing nozzle 9 has composition which approaches and counters a 
substrate 5. 

[0025] Among these, in the example of loading of drawing J (a), since both-way movement is 
carried out in the direction of the arrow in drawing to the washing nozzle 9 fixed by the fixed 
base 16 in position while the substrate maintenance base 5 rotates during polish processing, as 
shown in drawin g 3 (a), on the occasion of a thickness measurement, it can act to the shape of 
a spiral as the monitor of the processed field of a substrate 4 over the whole surface. 
Moreover, about the thickness-measurement point on the processed field of a substrate 4, it can 
specify by computing from the position in the both-way move direction of the substrate 
maintenance base 5, and its angle of rotation. Such a point can say that the same is said of 
the substrate polish equipment shown in previous drawing 1 . 

[0026] On the other hand, in the example of loading of drawing 2 (b) , since the washing nozzle 
9 moves united with this when the slide table 19 carrying the substrate maintenance base 5 
carries out both-way movement, in the move direction of the slide table 19. the relative 
position of a substrate 4 and the washing nozzle 9 is held [ be / under / polish processing / 
setting / it ] uniformly. Thereby, on the occasion of a thickness measurement, as shown in 
drawing^ (b), it can always act as the monitor of the position on the concentric circle which 
separated only the specified quantity from the center of a substrate 4. Moreover, in drawing 2 
(b), it becomes possible by supporting the centrum material 8 possible [ movement ] to the 
diameter direction of the substrate maintenance base 5 to change the thickness-measurement 
point into arbitrary positions in the diameter direction of a substrate 4. In such a 
measurement environment, it becomes possible to measure thickness optically by always acting as 
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the monitor of the specific portion, in case the semiconductor wafer which has a device pattern 
is ground, without being influenced of pattern grounds (silicon, wiring aluminum, etc.). 
Moreover, for a certain reason, the edge portion of a semiconductor wafer can be effectively 
used also as a monitor for preventing such superfluous polish beforehand, when ground more 
superfluously than other portions. 

[0027] On the other hand, in the example of loading of drawing 2 (c) , since it passes through 
the processed field top of a substrate 4 by the locus from which the washing nozzle 9 laid 
under this whenever the polish plate 2 made one revolution differs, respectively, as shown in 
drawjng_3 (c), on the occasion of a thickness measurement, it can act as the monitor of the 
processed field of a substrate 4 at random over the whole surface. 

[0028] By the way, it sets to the manufacturing process of a semiconductor wafer. As shown in 
drawing 4 (a), on the layer insulation film 21 of the shape of irregularity which carried out 
pattern formation on the silicon substrate 20 For example, as the laminating of the metal 
membrane 22 which consists of copper (Cu) is carried out, flattening polish is carried out with 
CMP equipment or the concavo-convex portion of the metal membrane 22 is shown in drawing 4 (b) 
The laminating of the layer insulation film 25 was carried out after the metal wiring 24 which 
carried out pattern formation on the silicon substrate 23, flattening polish of the concavo- 
convex portion of the layer insulation film 25 was carried out with CMP equipment, and such 
combination has realized multilayer-interconnection structure. 

[0029] Since the layer insulation film 21 of furring is exposed in the process which grinds 
this and the reflection factor in respect of [ processed ] changes with these a lot when 
grinding the reflective film of metal membrane 22 grade in that case, as shown in drawing 4 
(a), a polish terminal point is exactly detectable by detecting the changing point. 
[0030] On the other hand, when the thickness of a convention of the thickness which asked for 
the formula based on [ since the point that a reflection factor changes a lot as mentioned 
above in the polish process when grinding so that it may become the thickness of a convention 
of the transparency film of layer insulation film 25 grade, as shown in drawing 4 (b) does not 
appear / as follows ] the principle of multiplex interference reflection in such a case to 
thickness, and was obtained by this was reached, it is judged as a polish terminal point. 
[0031] Draw ing 5 is drawing for explaining the principle of the thickness measurement based on 
a multiplex interference reflection method. 

First, the refractive index S of a lambda: wave length phi : incident-angle d:thickness F:film: 
When it is the refractive index of a ground (silicon), reflection factor :R is expressed by the 
formula of multiplex interference reflection like the following several 1 formulas. 
[0032] 

[Equation 1] 

a-F'0*(FHS^)-4*F^*S-(l F^)K.F^^-S^)-CaS D 

R- 

(l+F'0*(FHS^)H*F^tSK1-F^)HF^ SOKOS D 

[0033] If the number 1 above-mentioned formula is furthermore developed, it will become like 

the following several 2 formulas. 

[0034] 

[Equation 2] 

H*[(iiF^)KF'iS'^V4^F^*S]-[(HF0Kr'MS')-'HFHS] 

COS n — - 

(1 R)K1-F'0^CF^-S0 

[0035] Here, if D=4 pi-d-F/lambda in the case of vertical incidence (phi= 0 degree) is 
substituted for the number 2 above-mentioned formula, thickness:d becomes the following several 
3 formulas, and if each refractive index is known, it is computable [ it is D=4 pi-d and (F2- 
SIN2 phi) 1/2 / lambda, and / d ] as a function of reflection factor:R. 
[0036] 
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[Equation 3] 

d= *cos — — : — ' " 

[0037] However, since COS-1 is the function of periodic 2pi in several 3 formulas, two or more 
solutions of thickness:d will exist in every lambda/2F from one reflection factor. Then, two or 
more of those solutions are limited to one solution by one method of (1) - (4) described below, 
and thickness:d is specified. 

(1) How to specify from the reflection factor change by method (4) incident-angle change 
specified from the reflection factor change of P polarization component and S polarization 
component by the method (2) method (3) polarization which is specified by limitation of a 
tolerance zone, and which is specified by measurement used two waves [0038] Here, when grinding 
transparency films, such as a layer insulation film, as mentioned above, in order to detect a 
polish terminal point exactly, it is necessary to measure thickness on real time by fine time 
serration. Data processing will become very complicated in order to carry out frequently also 
about the operation for thickness calculation corresponding to the time serration in such a 
case. Then, in this invention, we decided to detect a polish terminal point by method which is 
mentioned later. 

[0039] First, when measuring the thickness of a transparency film optically based on the 
principle of multiplex interference reflection, the reflection factor curve serves as a sine 
wave by existence of an interference fringe. Since the interval of the point of inflection (a 
peak, bottom) of a reflection factor curve is expressed with lambda/4 and Nf 
(lambda: luminescence wavelength, refractive index of Nf:film) at this time, thickness in the 
meantime becomes a membrane type and a thing depending on the source of luminescence. Drawing 6 
and drawing 7 are what shows the relation between thickness and a reflection factor for every 
membrane type when the luminescence wavelength in the source of luminescence is 632. 8nm and 
685nm. The membrane type which drawing 6 (a) becomes from SiN (silicon nitride) /Si (silicon), 
the membrane type which drawing 6 (b) becomes from P-Si (contest polysi I icon)/Si02 (silicon 
oxide), the membrane type which drawing 7 (a) becomes from Si 02 / Si, and drawing 7 (b) — P- 
Si/Si02 from — the reflection factor curve in the case of the becoming membrane type is shown 
He can understand that these drawings to the thickness between the point of inflection of a 
reflection factor curve (between a peak and bottoms) is dependent on a membrane type and the 
source of luminescence. 

[0040] Drawing 8 shows the relation between luminescence wavelength and the thickness between 
point of inflection (peak bottom) by the tabular format for every membrane type. Here, the 
membrane type set as the object of a thickness measurement is Si 02. And when luminescence 
wavelength adopts Light Emitting Diode which is 660nm, the thickness between the peak-bottoms 
of the reflection factor curve is set to 113. 32nm, and can be found. Therefore, it becomes 
possible by detecting the point of inflection (a peak, bottom) of a reflection factor curve 
during substrate polish to ask for the thickness on a substrate correctly in a 113.32nm 
thickness pitch. 

[0041] Even if it does not adopt the expensive helium-Ne laser excellent in wavelength 
stability etc. in incidentally detecting the point of inflection of a reflection factor curve 
since even the main wavelength should be just stable especially, as shown in drawing 9 , it can 
fully respond by low general-purpose Light Emitting Diode of the coherence from which the 
luminescence intensity stabilized in 660nm used as the main wavelength is obtained. 
[0042] By the method of this invention, then, by detecting the point of inflection of a 
reflection factor curve based on the principle of multiplex interference reflection during 
polish processing It carries out to if ****** of the transparency film in the detection time is 
computed according to the formula mentioned above. Then, thickness calculation of a 
transparency film was not performed until the point of inflection of a reflection factor curve 
was detected (i.e., until the thickness of a transparency film decreased by the thickness 
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corresponding to the membrane type and luminescence wavelength), but we decided to detect a 
polish terminal point by presuming ****** of a transparency film by time management in the 
meantime. 

[0043] Since it appears whenever this change component will grind one substrate (wafer) as 
shown in drawing 10 supposing a time change (change of a polish rate) of the amount of polishes 
decided by the performance of for example, substrate polish equipment is **5% here, if a polish 
terminal point is detected only by time management, the error of the amount absolute value of 
processings at the time of carrying out polish processing of the lOOOnm, for example will be 
set to no less than **50nm. so that, as for such a processing error, the amount of processings 
(floor to floor time) increases — large — becoming — moreover — continuing — many — when 
grinding several substrates, it becomes gross errors further and appears 

[0044] On the other hand, since it is made for the combination of the thickness calculation and 
time management by detection of the point of inflection of a reflection factor curve to detect 
a polish terminal point by the method of this invention, That what is necessary is to perform 
data processing for thickness calculation only when the point of inflection of a reflection 
factor curve is detected Moreover, it is at the detection time, and since ****** of a 
transparency film can be grasped correctly, it becomes possible by dividing for every thickness 
pitch between the point of inflection (peak-bottom) of a reflection factor curve, and presuming 
****** of a transparency film by time management to detect a polish terminal point exactly, 
consequently, even if it does not perform data processing for thickness calculation frequently, 
irrespective of the amount of processings, or processing number of sheets, the error of the 
amount absolute value of processings can be boiled markedly, and can be made small 
[0045] This to Si 02 Since the thickness between the peak-bottoms of the reflection factor curve 
at the time of adopting Light Emitting Diode whose luminescence wavelength is 660nm though 
change of the polish rate by the equipment performance is **5% is 113. 32nm when carrying out 
polish processing only of the lOOOnm of the films, the width of face of the amount absolute 
value of processings can be held down to less than 11.332 by dividing and carrying out time 
management for every thickness pitch of this. When this is converted into the precision of the 
amount absolute value of processings, the amount absolute value of processings can be managed 
in 1/10 or less precision of an equipment performance from **0. 56% and a bird clapper. 
[0046] When the point of inflection of a reflection factor curve is detected as a still more 
suitable method based on the principle of multiplex interference reflection like **** It asks 
for the last polish rate based on ****** of the transparency film which it is at the detection 
time and was computed, and ****** of the transparency film at the time of detection of the 
point of inflection of the reflection factor curve detected just before it. Width of face of 
the amount absolute value of processings can be made small by detecting a polish terminal point 
by presuming ****** of a transparency film until it next detects the point of inflection of a 
reflection factor curve using a polish rate just before [ this ] asking. 
[0047] ****** of the transparency film with which ****** of the transparency film which is 
process in which the point of inflection of a reflection factor curve is detected one by one. 
is at the arbitrary detection time, and was specifically computed is "d1", is at the next 
detection time, and was computed is "d2", and when a duration in the meantime is "t", it asks 
for the polish rate in time "t" by "(d1-d2 )/t. " Then, although time management will detect the 
thickness of a transparency film until it detects the point of inflection of a reflection 
factor curve, since a changed part of the polish rate by the equipment performance can be 
stopped to the minimum by adopting the polish rate for which it asked like **** in the case of 
the time management, it becomes possible to raise the precision of the amount absolute value of 
processings further. 
[0048] 

[Effect of the Invention] As explained above, the optical path for thickness measurements is 
securable only by according to the substrate polish equipment of this invention, making the end 
of an optical flow pipe face the washing field of the processed field by the washing means, and 
arranging, and since the optical flow pipe moreover has flexibility, the optical path for 
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thickness measurements can be bent free, and can be formed. While the complicated maker style 
for optical-path formation becomes unnecessary by this, it becomes possible to secure the 
optical path for thickness measurements easily by incorporating an optical flow pipe also to 
which part of substrate polish equipment. Moreover, since it becomes possible to set up the 
attaching position of a thickness-measurement means arbitrarily using the flexibility of an 
optical flow pipe, restrictions of an installation space are also eased sharply. 



[Translation done. ] 
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